Oral rabies vaccination (ORV) program for the wild animals in rabies risk regions of Korea has been conducted since 2000. Evaluation of ORV program under field condition and information concerning the incidence of exposure to canine distemper and canine parvovirus (CPV) are needed in wild raccoon dogs (Nyctereutes procyonoides koreensis). Ninety four sera of wild raccoon dogs were screened for antibodies against rabies, canine distemper virus (CDV) and CPV in Korea. The overall prevalence of antibodies against rabies virus (RABV), CDV and CPV in wild raccoon dogs was 35.1%, 89.4% and 24.5%, respectively. Comparisons of sero-prevalences of RABV, CDV and CPV were assayed in two regions (Gyeonggi-do and Gangwon-do). The Gyeonggi-do (36.4%) showed higher sero-positive rate against CPV than Gangwon-do (20.8%). In contrast, Gangwon-do (41.7% and 97.2%) showed higher sero-positive rates against RABV and CDV than Gyeonggi-do (13.6% and 63.6%). These results indicate that there was severe circulation of CDV and CPV among wild raccoon dogs in the two regions of Korea. Furthermore, raccoon dogs showing a protective antibody titer (0.5 IU/ml) were 15.9%, suggesting that new rabies control program such as trap-vaccination-release (TVR) should be launched urgently in rabies risk regions.
INTRODUCTION
The wild raccoon dogs (Nyctereutes procyonoides koreensis) have contributed to the main vector and reservoir for rabies in Europe, northern Asia and Americas and rabies cases in raccoon dogs have increased in North-eastern Europe (1) . The raccoon dogs were introduced to Korea from Russia for the production of fur and pelts in the late 1920s. As fur farms for silver foxes and goats were prosperous in Asian countries, Korean raccoon dog's industry had lessened rapidly. The raccoon dogs residing in fur farms had escaped and became wild animals in Korea (2) . The lack of natural predators of raccoon dogs has increased the population density of raccoon dogs and potential for transmission of disease between domestic carnivores and wild raccoon dogs if they contact infected carnivores (3, 4) . (7) . A parvovirus genetically related to CPV type 2 was isolated from a rescued raccoon (Procyon lotor) (12) . We have previously reported the seroprevalence of RABV, CPV in stray dogs and also the isolation of RABV, CPV-2a circulating in Korea (2, 13) . The purpose of this study was to determine the seroprevalence of the RABV, CDV and CPV in wild Korean raccoon dogs.
Rabies virus (RABV) belonging to the genus

MATERIALS AND METHODS
Collection of sera
For the seroprevalence survey, blood samples were obtained from a total of 94 wild raccoon dogs that were 0.6 month to 2 years old. Twenty two raccoon dogs were being housed in rescue centers of Gyeonggi-do in 2011 and 72 samples were obtained from wild raccoon dogs in Gangwon-do in 2012. The blood was taken from a cephalic vein. Clotted blood samples were centrifuged (3,000 × g, 10 min), and sera were stored at -20℃ until use.
Fluorescent antibody virus neutralization (FAVN) for RABV
Virus neutralizing assay (VNA) was determined by the fluorescent antibody virus neutralization (FAVN) test (14) . 
Statistical analysis
The chi-square test was used to analyze differences in sero-prevalence by region. A p-value of less than 0.05 was deemed to indicate statistical significance.
RESULTS
The positive rate against RABV in 94 serum samples collected from raccoon dogs in two provinces was 35.1%
in average (Fig. 1) . The regional sero-prevalence was 13.6% , the population density of raccoon dogs in Korea has been consistently increased and habitat range has also expanded to urban and suburban area (3, 6).
There would be high possibility in transmitting infectious pathogens with close contact between wild raccoon dog and companion animals. Thus, we conducted a survey of the Canine distemper and canine parvovirus infections are common and serious disease in domestic dogs and wild raccoon dogs (6, 22, 23) . CDV Infection has been reported in raccoon dogs and CDVs isolated from naturally infected Korean raccoon dogs belonged to the Asia-2 genotype (6, 7). Korean raccoon dogs showed high incidence rate against CDV (89.4%) and moderate incidence rate against CPV (24.5%), indicating that CDV infection is widespread and CPV infection is mild in wild raccoon dogs population.
Evidence of exposure to CDV and CPV was demonstrated in raccoon dogs residing in two regions of Korea, assuming that raccoon dogs play an important role as a reservoir of CDV and CPV and these two pathogens have been spreading to other carnivores through raccoon dogs.
In conclusion, our results revealed low sero-positive rate against rabies and evidence of exposure to wild CDV and CPV in raccoon dogs. Contact between domestic dogs and raccoon dogs can play a subordinate role in the transmission of infectious pathogens. An application of TVR control program should be done urgently in rabies risk area to block circulation of wild RABV (24) . The further study related to new rabies bait vaccine in Korean raccoon dogs will be needed to induce high sero-positive rate against RABV in raccoon dogs. In addition, CDV and CPV vaccines available to wild raccoon dogs should be developed in the near future.
